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SUMMARY 

Despite an existing review of the Atlantic species of the family Chromodorididae (Mol- 
lusca: Nudibranchia), little is known about early development patterns of these species 
due to the difficulty of collecting data from living animals. Six species of the genus 
Hypselodoris inhabit the Portuguese continental coasts: H. bilineota, H. contobrica, H. 
fontandraui, H. picta, H. tricolor and H. villofronco. This paper is based on new data and 
extensive studies made under laboratory conditions and aims to describe several aspects 
of their reproduction, namely egg mass type, egg size and colour, duration of embryonic 
development and development patterns. The data here obtained and existing developmen¬ 
tal data for Atlantic Hypselodoris from the literature are also compared. 

RESUMEN 

A pesar de que existe una revision de las especies atlanticas de la familia Chromodoridi¬ 
dae (Mollusca: Nudibranchia), muy poco se conoce acerca de la biologia y patrones de 
desarrollo de estas especies debido a la dificultad de obtener datos a partir de ejempia- 
res vivos. Seis especies del genero Hypselodoris habitan en las costas continentales por- 
tuguesas: H. bilineata, H. contobrica, H. fontandraui, H. picta, H. tricolor y H. villafranca. 
En el presente trabajo de aportan nuevos datos obtenidos de estudios en condiciones de 
laboratorio con el objetivo de describir algunos aspectos de la biologia reproductora de 
estas especies, como el tipo de puesta, tamano del huevo y color, duracion del desarrollo 
embrionario y patron de desarrollo. Los datos obtenidos en el presente trabajo se (sinteti- 
zan y) comparan con los existentes en la bibliografia. 


INTRODUCTION 

The Family Chromodorididae (Mol¬ 
lusca: Nudibranchia) comprises one of 
the most fantastic coloured Nudibranch 
groups of the Iberian Peninsula East 
coast. Despite a review (Ortea, Valdes 


and Garcia-G6mez, 1996) of the At¬ 
lantic species of the family Chromodori¬ 
didae Bergh, 1891 (Mollusca: Nudi¬ 
branchia), studies specifically devoted 
to their reproductive biology, from egg 


* Instituto Portugues de Malacologia, Zoomarine, E.N. 125, Km 65 Guia; 8201-864 Albufeira; Portugal. E- 
mail: ipmalac@gmail.com 

** Center of Marine Science-CCMAR, University of Algarve, Faro, Portugal. 

*** Universidade Lusofona de Humanidades e Tecnologias, Av. do Campo Grande, 376 
1749 - 024 Lisboa, Portugal. 


63 



Iberus , 28 (2), 2010 


to metamorphosis are absent. General 
data on egg mass shapes, egg size or 
egg-to-juvenile periods are scarce, scat¬ 
tered or absent. Quite often available 
data come from one single specimen. 
Furthermore, dispersion measures or 
confidence intervals are mostly absent. 

Like with most aspects of nudi- 
branch biology, there is no general rule 
concerning their life history and life 
span. Most species seem to live for 
about one year, although the tropical 
Sea hare Dolabella auricularia has been 
reported to live for six years in an 
aquarium (Hadfield and Switzer- 
Dunlap, 1984) and the cephalaspidean 
Philine aperta can live for up to four 
years in nature (Lancaster, 1983). On 
the other hand, there are small nudi- 
branchs, especially those that live and 
feed on short-lived cnidarian colonies 
which can complete a life cycle in a few 
weeks. For example, both the European 
aeolid Tenellia pallida (Alder and 
Hancock, 1842) [= T. adspersa (Nord- 
mann, 1845)] and the coral-eating tropi¬ 
cal aeolid Cuthona poritophages Rudman, 
1979 can mature in three weeks (Ras¬ 
mussen, 1944; Rudman, 1979) and prob¬ 
ably die within two or three months. In 
the case of these very short-lived 
species, they need to complete their life- 
cycle before the colony they live and 
feed on dies. If they are too slow then 
they will themselves die from starvation 
before they can breed. 

Six species of the nudibranch genus 
Hypselodoris inhabit the Atlantic coast of 
Portugal (Cervera, Calado, Gavaia, 
Malaquias, Templado, Ballesteros, 
Garcia-Gomez and Megina, 2006): 
Hypselodoris billineata (Pruvot-Fol 1953), 
Hypselodoris cantabrica (Bouchet and 
Ortea, 1980), Hypselodoris fontandraui 
(Pruvot-Fol, 1951), Hypselodoris picta 
webbi (D'Orbigny, 1839), Hypselodoris tri¬ 
color (Cantraine, 1835), and Hypselodoris 
villafranca (Risso, 1818). 

In this paper we report for the first 
time data on the spawn and early devel¬ 
opment of six sympatric Hypselodoris 
species from Portuguese continental 
coasts maintained under similar labora¬ 
tory conditions. Several aspects were 


considered, namely egg mass type, egg 
size and colour, duration of embryonic 
development and development type. 

MATERIAL AND METHODS 

Specimens studied were collected on 
subtidal surveys using scuba diving in 
Arrabida (West Coast - 38° 30' 18" N, 8° 
55' 18" W) and the Algarve (South coast- 
37 0 00' 08" N, 7° 49' 20" W), Portugal, 
from April 2004 to June 2005. After col¬ 
lection, the animals were brought to the 
laboratory and placed in closed-circuit 
40 L aquaria, where water quality was 
monitored daily for temperature, pH 
and salinity, and weekly for the pres¬ 
ence of nitrites, nitrates and phosphates. 
Individuals were kept at a constant tem¬ 
perature (18±1°C), as similar as possible 
to that of their natural environment, 
because egg development timing is 
known to be strongly affected by tem¬ 
perature; this parameter was kept con¬ 
stant in order to make developmental 
comparisons. Adults of the same species 
were kept together and fed with one of 
their natural prey items, the corneous 
demosponge Dysidea fragilis (Montagu, 
1818), which is very common along the 
Portuguese coasts. 

Egg masses were generally laid on 
the glass walls of the aquaria. The 
oviposition was considered complete 
when the adult abandoned the egg 
mass. Then, the egg masses were care¬ 
fully removed from the aquaria, incu¬ 
bated individually in 500 L beakers at a 
constant temperature (18°C±1) and 
checked periodically until larval hatch¬ 
ing. Extensive observations during 
embryonic development were made 
with an optical microscope at regular 
periods (4-5 times a day) in the centre of 
the egg mass, in order to register the 
main development stages before hatch¬ 
ing. Daily inspection of all aquaria was 
necessary to ensure the measurement of 
zygote diameters before first cleavage 
since in these planktotrophic species 
initial development is very fast. 

The classification followed for 
Hypselodoris egg masses is the one pro- 
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Figure 1. Egg ribbons of H. bilineata (A), H. picta webbi (B), and H. villafranca (C). Scale bars, 2 cm. 
Figura 1. Puesta de H. bilineata (A), H. picta webbi (B)y H. villafranca (C). Escalas, 2 cm. 


posed by Wilson (2002), which deals 
exclusively with the family Chromodor- 
ididae. According to this author, 
Hypselodoris egg masses are grouped in 
the following types: A) flat egg masses 
attached to the substratum by the broad 
side of the ribbon; B) egg masses with a 
free edge, shorter or equal than the 
attached edge causing the ribbon to 
slope toward the centre or stand upright 
respectively; C) egg masses with a free 
edge, slightly longer or much longer 
than the attached edge, causing the 
ribbon to slope away from the centre of 
the spiral or causing ondulations/waves, 
with an outward slope. 

The criteria used to classify the 
species larval development were those 
outlined by Thompson (1967, 1976): 
Type 1) planktotrophic development, 
with a free veliger stage that can be 
pelagic for an extended period of time 
and that feeds obligatorily on plankton; 
Type 2) development with lecitotrophic 
larvae, with a short-life pelagic veliger 
that can dispense with plankton feeding 
due to their large yolk reserves; type 3) 
direct development, without a free 
pelagic larval phase. 

RESULTS 

Egg masses produced in the labora¬ 
tory by these nudibranchs are identical 
to those collected in the field. All 


Hypselodoris spp. egg masses are shaped 
like a spiral ribbon attached to the sub¬ 
stratum along one edge and consisting 
of embryos embedded in a gelatinous 
matrix (Fig. 1). 

Hypselodoris egg masses found are 
grouped in two types: H. billineata, H. 
cantabrica, H. fontandraui, H. picta, H. tri¬ 
color have egg masses corresponding to 
type C of Wilson (2002), whereas H. vil¬ 
lafranca have type A ones. Developmen¬ 
tal characteristics of the studied species 
are summarized in Table I. 

H. villafranca is the only species stud¬ 
ied with direct development. All ob¬ 
served egg masses from this species had 
embryos passing through a suppressed 
veliger stage before hatching as benthic 
juveniles. This form of direct develop¬ 
ment has been categorized by Bonar 
(1978) as ametamorphic direct develop¬ 
ment, which means that this species 
does not fully develop into a veliger be¬ 
fore undergoing metamorphosis. 

All other five Hypselodoris species 
studied present a free living plank- 
totrophic veliger, which have similar 
developmental characteristics. Despite 
the differences in egg dimensions (Table 
I), hatching times were also very similar 
(Fig. 2). 

Right after complete oviposition we 
could often observe two to three differ¬ 
ent stages of development in the same 
spawn. The first part to be released 
could show second cleavage (4 cells), by 
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Table I. Comparative table of developmental characteristics of species of the genus Hypselodoris of the 
Portuguese Coast, at 18±1°C. When appropriate, mean measures are given ± standard deviation. 

Tab la I. Tabla comparativa de las caracteristicas del desarrollo en especies del genero Hypselodoris en 
las costas portuguesas, a 18±1°C. 
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H. bilineata 

Eastern Atlantic 

73.07±7.19 

123.16±9.89 

1 

Planktotrophic 

7,75 ±0,2 5 

139,5 ±4,4 

10 

H. cantabrica 

Eastern Atlantic 

95.73 ±8.41 

126.96±0.28 

1 

Planktotrophic 

8.25±0.35 

161.5±6.0 

10 

H. fontandraui 

Eastern Atlantic 

86.41 ±4.10 

135.61 ±22.15 

1 

Planktotrophic 

7.50±0.14 

156.9±5.8 

10 

H. picta webbi 

Caribbean and 
Eastern Atlantic 

171.16± 10.52 

314.73 ±41.73 

1-2 

Planktotrophic 

8.04±0.13 

219.2±8.3 

10 

H. tricolor 

Eastern Atlantic 

85.65±6.97 

147.93±25.74 

1 

Planktotrophic 

7.71 ±0.17 

143.2 ±2.8 

10 


Eastern Atlantic, 








H. villafranca 

except Canary 
Islands. Madeira 

243.69±46.06 

389.60±45.32 

1 

Direct 

28.00±0.82 

515±23 

10 


and Azores 
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Figure 2- Time hatching duration for all planktotrophic Hypselodoris species studied (HB= H. 
bilineata, HT= H. tricolor , HF= H. fontandraui , HC= H. cantabrica , HP= H. picta). 

Figura 2- Tiempo hasta la eclosion de las especies plAde Hypselodoris estudiadas (HB- H. bilineata , 
HT= H. tricolor, HF- H. fontandraui, HC~ H. cantabrica, HP= Hypselodoris picta,). 
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Table II. Overview and timing of embryonic development in species of the genus Hypselodoris of 
the Portuguese Coast, at 18±1°C. 

Tabla II. Resumen de la cronologia del desarrollo embrionario desarrollo en especies del genero 
Hypselodoris en las costasportuguesas, a 18±1°C. 
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12h 

H. cantabrica 

2h 

4h 

8h 

13h 

H. fontandraui 

2h 

5h 

7h 

14h 

H. picta 

2h 

3h 30' 
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13h 

H. tricolor 

2h 
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7h 

13h 
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2h 
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the time the later eggs were emerging 
from the oviduct, still undivided. The 
stages from morula to blastula were 
observed during day 0 for all species 
except H. villafranca. 

Gastrulation was seen during day 1 
except in H. villafranca, where it was only 
observed by day 9. Only after day 5/6 
could we designate larvae as true 
veligers because a shell and a bilobed 
velum could be clearly seen. In this stage 
veligers were very active inside the cap¬ 
sules. Duration of the embryonic period 
from egg to gastrula of all species is pre¬ 
sented in Figure 3. The hatching stage 
occurred between days 7 and 8 after 
oviposition for planktotrophic species. 

The general pattern of cleavage, 
gastrulation and early embryogenesis of 
all species examined is typical of that 
described for other Opisthobranch gas¬ 
tropods (Gohar and Soliman, 
1967a,b,c). The main embryonic devel¬ 
opment stages and timings are pre¬ 
sented in Table II. Most planktotrophic 
species of Hypselodoris studied present a 
veliger with a size within the range of 
139.5 pm to 161.5 pm. Exception is made 
for Hypselodoris picta webbi veliger which 
reaches 219.2 pm in length at hatching 


time. Juveniles of Hypselodoris villafranca 
are dorid-like in shape. They measure 
515±23 pm in length at hatching and 
present a translucent mantle with bright 
yellow random spots. A structural spic- 
ular-like network can be seen in the 
mantle tissue. This network is main¬ 
tained in adults of many dorids but is 
lost in most chromodorids. No eyes or 
rhinophores buds are visible (Fig. 4). 
During the first 10-12h post-hatching 
juveniles crawl on top of the gelatinous 
matrix of the spawn, sometimes 
seeming to graze on it. 

In Table III we summarise the avail¬ 
able information on the developmental 
characteristics of the studied species. 

DISCUSSION 

In this study several aspects of the 
spawn and development of six species 
of the genus Hypselodoris Stimpson, 1855 
are described. 

The type of egg mass presented by 
H. villafranca is quite remarkable, since it 
is to our knowledge the first observation 
of direct development among chro¬ 
modorids. 
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H. villafranca 
H. tricolor 
H. picta 
H. fontandraui 
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Figure 3. Embryonic period duration from egg to gastrula in all species studied of Hypselodoris. 
Figura 3. Duration del desarrollo embrionario hasta el estado de gastrula. 


Concerning egg size, the mean 
diameter in H. bilineata, H. cantabrica, H. 
fontandraui and H. tricolor is below 100 
pm, within the range reported for most 
Nudibranchia species (Hadfield and 
Miller, 1987) and consistent with the 
planktotrophy exhibited. Egg and 
capsule sizes are classically considered 
to be good predictors of development 
type (Hadfield and Switzer-Dunlap, 
1984) and used for comparative pur¬ 
poses (Hadfield and Miller, 1987). In 
the case of the Atlantic Hypselodoris 
picta , however, this extrapolation 
clearly predicts direct development, as 
in H. villafranca, but fails to predict 
pelagic-lecithotrophy which should be 
the case of H. picta webbi if one follows 
Hadfield and Switzer-Dunlap's 
(1984) predictions. The same situation 
was reported by Thompson (1967) for 
Archidoris pseudoargus, a planktotrophic 
developer whose eggs are 170 pm in 
diameter. A free-swimming, plank¬ 
totrophic veliger can emerge from eggs 
of very different sizes, from 73 pm in H. 
bilineata (average adult length 30mm), 


to 171 pm in H. picta webbi (average 
adult length 100mm). The latter is the 
largest planktotrophic egg size reported 
so far among nudibranchs (see Todd, 
Lambert and Davies, 2001 for a 
review). Clearly the amount of energy 
packed into each ovum is very differ¬ 
ent. Nevertheless, survivorship and 
time to competence in these larvae 
remains unknown. The difference in 
hatching time between species with 
planktotrophic larvae and the one with 
direct development is certainly due to 
developmental constraints. Even so, the 
total egg-to-juvenile period is generally 
longer and variable in the plank¬ 
totrophic strategy since it is dependent 
of an external source of energy to 
undergo metamorphosis (Todd, 1983; 
Havenhand, 1993). 

One of the reasons for supporting 
egg size with capsule size data, in order 
to have a more accurate development 
extrapolation (Clark and Jensen, 1981; 
Hadfield and Miller, 1987) is the fact 
that there are species with lecithotrophic 
or even direct development although 
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having small eggs. This is common 
among Sacoglossa species as stated by 
Jensen (2001). The situation can be 
explained based on the presence of 
albumen, an intracapsular substance 
rich in proteins and very common in 
Opisthobranchia spawns (Clark and 
Jensen, 1981) and the existence of extra- 
capsular yolk in some species, which 
gives additional nutritional support for 
embryos, larvae and juveniles (Marin 
and Ros, 1993). 

All studied species show a holoblas- 
tic and spiral cleavage, typical of the 
Gastropoda group (Biggelaar and 
Haszprunar, 1996). With the exception 
of H. villafranca with its slower direct 
development, all species reach morula 
stage 12-14h after oviposition and gas- 
trula stage before the 48h mark. Both 
planktotrophic and direct development 
species gastrulate by emboly, as 
described for Dendrodoris and Chro- 
modoris by Gohar and Soliman 
(1967a,b) and for Platydoris by Soliman, 
(1978). 


The development from gastrula 
stage to veliger, with all typical struc¬ 
tures present lasts between 102-107h. 

It is obvious that Opisthobranch 
life-cycle and developmental strategies 
are inextricably linked to adult food 
specificity. Species that feed on tran¬ 
sient food organisms are usually small 
and present a short life cycle, with a 
very rapid embryonic development. On 
the other hand, species, like the 
Hypseloris here presented, that depend 
on large long-living colonies such as 
sponges, are often bigger in size and 
have longer life cycles with slower 
embryonic development (Rudman and 
Willan, 1998). 

Although some developmental 
timetables have been reported for a 
number of opisthobranch species, it is 
often difficult to use them to make com¬ 
parisons due to uncontrolled husbandry 
conditions or severe differences in water 
culture temperature, which is known to 
be one of the key factors affecting 
embryonic development. 
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Table III. Summary of developmental characteristics of Atlantic species of the genus Hypselodoris 
from available literature and present study. 


SPECIES 

Type of egg mass 

Egg mass color 

Egg mass width (mm) 

No. of specimens Type of capsule 

H. bilineata 

1 whorl spiral ribbon 

White 

3 

- 

. 


Spiral ribbon 

White 

- 

- 

- 


3 whorls ribbon 

Red-orange 

5 

1 

- 


2 Whorls spiral ribbon 

White 

4 




2-2,5 Whorls Spiral ribbon 

White 

3 

7 

Oval 


2 Whorls spiral ribbon 

White 


8 

Spherical 

H. cantabrica 

4 whorls spiral ribbon 

White 

- 

- 

- 


Spiral ribbon 

White 

- 

1 

Oval 


Spiral ribbon 

White 


1 



4 whorls spiral ribbon 

White 


10 

Oval 

H. fontandraui 

Spiral ribbon 

White 

- 

- 

- 


Spiral ribbon 

White 

- 

- 

- 


Spiral ribbon 

White 

- 

1 

- 


2 Whorls spiral ribbon 

White 

- 

10 

- 

H. picta webbi 

Waved spiral ribbon 

Red-orange 

6 

- 

- 


Smoothly waved spiral ribbon 

Orange 

- 

- 

- 


5 Whorls waved spiral ribbon 


10 

1 

- 


4 Whorls waved spiral ribbon 

Pink-orange 

- 

- 

- 

H. tricolor 

3 whorls spiral ribbon 

White 

2 

- 

- 


Spiral ribbon 

White 

- 

3 

Spherical 


2.5 Whorls Spiral ribbon 

White 

3 

5 

- 


2 Whorls spiral ribbon 

White 

- 

- 

- 

H. villafranca 

2 Whorls spiral ribbon 

Orange 

2.5mm 

- 

- 


Spiral ribbon 

Orange 

- 

2 

Oval or spherical 


1 whorl spiral ribbon 

Orange 



Spherical 


The studies on development pre¬ 
sented by Martinez-Pita, SAnchez- 
Espanna and Garcia (2006) on species 
of Polycera, conducted at 19°C, report 
similar embryonic stage timings to those 
presented for planktotrophic species of 
Hypselodoris in the current study. 
Yonow (1996) cultured Acteon tornatilis 
at 12°C water temperature and noted 
that the 4-cell stage was reached about 
24h after oviposition and the gastrula 
stage within 4.9-6d. Although there are 
no significant differences in develop¬ 
ment pattern between compared 
species, these last data report a much 
slower embryonic development than 
our study, which is probably due to the 
6°C difference in water temperature. 

All Hypselodoris planktotrophic species 
exhibit a similar embryonic growth 


pattern and despite differences in egg size 
no differences are registered for hatching 
times. Hypselodoris picta webbi presents the 
biggest veliger (219.2±8.3 pm) but this size 
discrepancy with other planktotrophic 
species seems to be more related to adult 
size (approximately 100mm length) than 
to any developmental pattern. Neverthe¬ 
less, survivorship and time to competence 
in these larvae remains unknown. 

When hatching, morphological 
resemblance of Hypselodoris villafranca 
crawling juveniles to adult specimens is 
very limited and no rhinophores are 
visible. The crawling behaviour that the 
juvenile exhibits for 10-12h on top of the 
gelatinous matrix of the spawn, seeming 
to graze on it, leads us to think that 
matrix nutrients are not only important 
during embryonic development but 


70 






COELHO AND CaladO: Spawn and early development of NE Atlantic Hypselodoris 


Tabla III. Resumen de las principales aspectos del desarrollo de las especies atlanticas del genero Hypse¬ 
lodoris obtenidas a partir de la bibliografia y del presente estudio. 


Capsule diameter {jjm) 

No. of eggs per capsule 

Egg diameter (ji/m) 

Embryonic period in days 

SOURCE 

10°-l 20 

. 

79-109 

- 

Ortea et al (1996) 

110-120 

1 

- 

- 

Garcia Gomez (2002) 

- 


175-208 

- 

Bouchet and Ortea (1980) 

120 

1 


11 (18-20°C) 

Gantes (1962) 

158(± 3,5)1 

1 

85-100 

9 (21 °C) 

Sanchez-Tocino etal( 2007) 

100-133 

1 

67-100 

7.75±0.25 

Current Study 

- 

- 

95-125 

7 (22°C) 

Ortea etal( 1996) 

90-140 

1 

- 

- 

Garcia Gomez (2002) 

95-125 

1 

80-85 


Sanchez-Tocino etal( 2007) 

117-144 

1 

75-120 

8.25±0.35 

Current Study 

150-180 

- 

110-120 

- 

Ortea etal. (1996) 

150-180 

1 

- 

- 

Garcia-Gomez (2002) 

145-180 

1 

no 

13 (18°C) 

Sanchez-Tocino etal. (2007) 

95-233 

1 

80-100 

7.50±0.14 

Current Study 

- 

- 

175-208 

- 

Ortea etal( 1996) 

160-190 

1 

- 

- 

Garcia-Gomez (2002) 

170x200 

1-2 

130-135 

- 

Sanchez-Tocino etal. (2007) 

240-453 

1-2 

141-210 

8.04±0.13 

Current Study 

90-120 

- 

85-100 

13 (20-22°C) 

Ortea etal. (1996) 

90-120 

1 

- 

- 

Garcia-Gomez (2002) 

170x200 

1-2 

130-135 

- 

Sanchez-Tocino etal. (2007) 

85-181 

1 

71-90 

7.71 ±0.17 

Current Study 

300-400 

- 

Bit smaller than capsules 

- 

Ortea etal. (1996) 

320-360 

1 

- 

- 

Garcia-Gomez (2002) 

300-599 

1 

173-430 

28.00±0.82 

Current Study 


serve as first food for juveniles after 
hatching (Gibson and Chia, 1991). 

Although some work is still required 
to understand some of the differences 
here recognized in development pat¬ 
terns between these species, the data 
presented in this work with a systema¬ 
tised character and controlled hus¬ 
bandry conditions of specimens, will 
certainly be useful regarding potential 
taxonomic or phylogenetic discussions. 

BIBLIOGRAPHY 

Biggelaar J. M. and Haszprunar G. 1996. 
Cleavage patterns and mesentoblast forma¬ 
tion in the Gastropoda: An evolutionary per¬ 
spective. Evolution , 50 (4): 1520-1540 


ACKNOWLEDGMENTS 

This work was carried out under a 
research project funded by Premio 
Milenio Sagres/Expresso 2002. R.C. 
holds a grant from the Fundagao para a 
Ciencia e Tecnologia, Portugal (BDE 
15577/2005). Antonio Monteiro, and 
Manuel Malaquias, read an early 
version of the manuscript and helped to 
improve it. 


Bonar D. B. 1978. Morphogenesis at meta¬ 
morphosis in opisthobranch molluscs. In 
Chia F.S. and Rice M.E. (Eds.): Settlement and 
metamorphosis of marine invertebrate larvae. El¬ 
sevier North-Holland, New York: 177-196. 


71 








Iberus , 28 (2), 2010 


Cervera J.L., Calado G., Gavaia C., 
Malaquias M.A.E., Templado J., Balles¬ 
teros M., Garcia-Gomez J.C. and Megina 
C. 2006. An annotated and updated check¬ 
list of the opisthobranchs (Mollusca: Gas¬ 
tropoda) from Spain and Portugal (including 
islands and archipelagos). Boletin del Institute) 
Espaiiol de Oceanografia, 20 (1-4): 5-111. 

Clark K.B. and Jensen K.R. 1981. A compar¬ 
ison of egg size, capsule size, and develop¬ 
ment patterns in the order Ascoglossa 
(Sacoglossa) (Mollusca: Opisthobranchia). 
International Journal of Invertebrate Reproduc¬ 
tion 3: 57-68 

Gibson G.D. and Chia F. 1991. Contrasting 
reproductive modes in two sympatric 
species of Haminaea (Opisthobranchia: 
Cephalaspidea). Journal of Molluscan Stud¬ 
ies, 57: 49-60. 

Gohar H.A.F. and Soliman G.N. 1967a. The 
biology and development of Dendrodoris (Do- 
riopsis) fumata (Rupp, and Leuck.) (Gas¬ 
tropoda, Nudibranchia). Publications of the 
Marine Biological Station, Al-Ghardaqa, Egypt, 
14: 31-54. 

Gohar H.A.F. and Soliman G.N. 1967b. The 
biology and development of Chromodoris in- 
ornata Pease (Gastropoda, Nudibranchia). 
Publications of the Marine Biological Station, 
Al-Ghardaqa, Egypt, 14: 78-95. 

Gohar H.A.F. and Soliman G.N. 1967c. The 
biology and development of Chromodoris tinc- 
toria (Rupp, and Leuck.) (with reference to the 
taxonomic value of spawning characters). 
Publications of the Marine Biological Station, 
Al-Ghardaqa, Egypt, 14: 95-108. 

Hadfield M.G. and Miller S.E. 1987. On de¬ 
velopmental patterns of Opisthobranchs. 
American Malacological Bulletin, 5 (2): 197-214. 

Hadfield M. and Switzer-Dunlap M. 1984. 
Opisthobranchs. In Wilbur K. (Ed.): The Mo¬ 
llusca, 7: Reproduction. Academic Press, New 
York: 209-350. 

Havenhand J. 1993. Egg to juvenile period, 
generation time, and the evolution of larval 
type in marine invertebrates. Marine Ecology 
Progress Series, 97: 247-260. 

Jensen K.R. 2001. Review of reproduction in the 
Sacoglossa (Mollusca, Opisthobranchia). Bol- 
lettino Malacologico, 37, 81-98 

Lancaster S.M. 1983. The biology and repro¬ 
ductive ecology of Philine aperta (Opistho¬ 
branchia: Bullomorpha) in Oxwich Bay. 
Journal of Molluscan Studies, Suppl 12A: 82- 
88 

Marin A. and Ros J.D. 1993. Ultrastructural 
ecological aspects of the development of 
chloroplast retention in the sacoglossan Elysia 
timida. Journal of Molluscan Studies, 59: 95- 
104. 


Martinez-Pita I.; SAnchez-Espanna A.I. and 
Garcia F.J. 2006. Some aspects of the repro¬ 
ductive biology of two Atlantic species of 
Polycera (Mollusca: Opisthobranchia) Jour¬ 
nal of the Marine Biological Association of the 
U.K. 86 (2): 391-399. 

McDonald, G. and Nybakken J. 1997. A List 
of the Worldwide Food Habits of Nudi- 
branchs. http://people.ucsc.edu/~mcduck/ 
nudifood.htm (viewed October 2005) 

Ortea J., Valdes A. and Garcia-Gomez J.C. 
1996. Revision de las especies atlanticas de 
la familia Chromodorididae (Mollusca: Nudi¬ 
branchia) de grupo cromatico azul. Avicen- 
nia, Suppl 1: 1-165. 

Rasmussen E. 1944. Faunistic and biological 
notes on marine invertebrates. Videnskabelige 
Meddelelserfra Dansk Naturhistorisk Forening, 
107: 207-33. 

Rudman, W.B. 1979. The ecology and anatomy 
of a new species of aeolid opisthobranch 
mollusc: a predator of the reef-forming coral 
Porites. Zoological Journal of the Linnean Soci¬ 
ety, 65: 339-359. 

Rudman W.B. and Willan R.C. 1998. Opist¬ 
hobranchia. In Beesley P.L., Ross G.J.B. and 
Wells, A. (Eds.): Mollusca: The Southern syn¬ 
thesis. Fauna of Australia. CSIRO, Melbourne, 
pp. 915-1035. 

Soliman G.N. 1978. The redescription, repro¬ 
duction and development of the dorid nudi- 
branch Platydoris Scabra (Cuvier) from the 
Northwestern Red Sea, Journal of Molluscan 
Studies, 44 (2): 151-165. 

Strathmann R.R. 1978. The evolution and loss 
of feeding larval stages of marine inverte¬ 
brates. Evolution, 32: 894-906. 

Thompson T.E. 1967. Direct development in 
the nudibranch Cadlina laevis, with a discus¬ 
sion of developmental processes in Opistho¬ 
branchia. Journal of Marine Biological Associ¬ 
ation of the United Kingdom, 47:1-22. 

Thompson T.E. 1976. Biology of Opistobranch 
molluscs I. London: The Ray Society 

Todd C.D. 1983. Reproductive and trophic ecol¬ 
ogy of nudibranch molluscs. In Russel- 
Hunter W.D. (Ed.): The Mollusca. 6: Ecology. 
Academic Press, New York, 6: 225-259. 

Todd C.D., Lambert W.J. and Davies J. 2001. 
Some perspectives on the biology and ecol¬ 
ogy of nudibranch molluscs: generalisations 
and variations on the theme that prove the 
rule. Bollettino Malacologico, 37:105-120. 

Yonow N. 1996. Gametogenesis, egg produc¬ 
tion and development 'in Acteon tornatilis 
(Opisthobranchia: Cephalaspidea). Malaco¬ 
logical Review, Supplement 6: 31-52. 

Wilson N. 2002. Egg masses of chromodorid 
nudibranchs (Mollusca: Gastropoda: Opistho¬ 
branchia). Malacologia, 44 (2): 289-3Q5. 


72 


